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Control systems engineering approaches have seldom been used as an analytical
tool in pedagogical research for modelling, analysing and/or designing effective
educational processes, despite its proven benefits in other social sciences, especially
economics and finance. In this work, we use the elements of open-loop and closed-
loop feedback systems to evaluate two modes of teaching and lecturing. The first is
the open-loop lecturing mode, which still dominates in many European universities,
whereas the second is the so-called closed-loop lecturing mode with feedback and
reflection. We provide mathematical models and apply control engineering
techniques and tools to analyse the properties of the two lecturing modes. We show
that the learning and information retention dynamics differ considerably between the
two modes. Furthermore, we show how the closed-loop lecturing mode supersedes
the open-loop lecturing mode. The simulation results demonstrate that with
lecturing, improved higher educational performance can be attained by fostering
self-reflection and will require continuous feedback and reflection.

INTRODUCTION

Control systems engineering methods have been used in non-traditional disciplines such
as biology [1], economics [2], finance [3], policy [4], management [5], software
engineering [6], Internet engineering [7], physics [8] and psychology [9]. These methods
are much less used for conceptual or analytical analysis and design in pedagogy [10, 11].
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This could be related to educationalists’ reluctance and scepticism of using mathematical
models to describe pedagogical processes [12].

Simon argues that mapping qualitative or conceptual models of socio-psychological
theories into analytical quantitative models probably enhances the original theories [13].
Explaining a descriptive theory in mathematical models by using analytical evidence
could strengthen or degrade claims that are unverified through empirical studies.
Mathematical models are more precise than descriptive or conceptual models.
Furthermore, using control theory methods for modelling socio-psychological behaviour
could lead to the proposal of using control techniques for effectively steering the process
outcomes towards the intended objectives, e.g. an engineering approach. Most
pedagogical models are conceptual or static. However, learning is a dynamic process in
principle. Dynamical models are superior because they show the transition of state over
time and allow future predictions of that state. Furthermore, dynamical models enable
access to control techniques, which can significantly improve process behaviour. In this
paper, an investigation of modelling learning with control systems methods is discussed.

The developed models describe, in a conceptual but mathematical way, the learning
process dynamics of two different modes of teaching/learning: open- and closed-loop
(e.g. without or with feedback). They also allow computer simulations of the learning
process given a specific didactic mode. The simulations, however, do not describe the
point-to-point exact progress of the learner knowledge construction level. Rather, they
show predictions of the dynamics of each mode. These particular analysis tools are absent
in instructional design research. In the next sections, the case is presented of developing
mathematical models of the two modes of learning using control systems engineering.

MODELLING A LECTURE: THE OPEN- AND CLOSED-LOOP APPROACH

Traditional lecturing models have generally adopted an open-loop mode, in which the
teacher conducts a lecture, lasting approximately an hour, in which material is presented
to the students. Feedback is seldom practised in the classroom [14]. Feedback practice
during the lecture (in any form) is significantly more likely for teachers who have
received teaching training compared to those who have not; however, the provision of
elaborated feedback about a task (FT) is low in both cases [15]. This explains the lack of
feedback practices in engineering and science higher education courses, where the
lecturers have seldom received educational training [16]. Engineering lectures are
generally of a passive nature [17]. The lecturing process usually continues as a passive
transmitter-receiver model during the semester, without real evaluation of the students’
comprehension of the lectures, i.e. there are no frequent formative assessment practices.
As a consequence, students are unlikely to voluntarily reflect on the lectures. This results
in poor comprehension as well as increased cognitive load during the semester as the
lecture content becomes more complex and dependent on material taught previously. A
single measurement takes place at the end of the semester when the students take the final
exam. This type of measurement is called summative assessment.

In general, the lecturing process can be implemented in a spectrum of ways which
span over an axis of two extremes. One extreme is the open-loop teacher-centred
approach (classical), while the opposite extreme is a closed-loop or student-centred
approach (modern/constructivist). Teacher-centred lecturing is basically a passive
transmitter (teacher)-receiver (student) model. Knowledge delivery in this model takes
place in the form of narration and passive presentation of the taught material. The main
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assumption under this mode of teaching and learning is that the students will be able to
assimilate the transmitted information completely in their minds just because they
received it through their senses. Such an approach without continuous assessment of the
students’ learning outcomes and without and any involvement of the students in
constructing knowledge is an open-loop process from control engineering perspective.
On the other hand, reflection, assessment and feedback are important characteristics of
constructivist learning [18], which should be considered for implementing an effective
lecturing model. Modern constructivist approaches emphasize that it should be made
clear to students that they have to practise and that they are knowledge constructers,
whilst the teacher’s role is to coordinate the learning process. Recent studies suggest that
constructivist approaches such as experiential learning, project based learning, etc., are
effective in engineering education and are recommended to migrate to [19, 20, 21]. When
it comes to the lecturing process, relevant teaching and learning techniques should be
followed to guarantee the student-centred constructivist approach and the successful loop
closure alongside the semester progress. A lecturing model that is student-centred with
teacher guidance and involves effective feedback would conform to a closed-loop process
from a control systems perspective.

Modelling an Open-Loop Lecture

The perception of learning as a simple accumulation process based on teacher
transmission (e.g. open-loop learning) was dominant in the pedagogical literature until
two decades ago [22]. Since a lecture aims, in general, to accumulate a new piece of
knowledge, modelling can be made analogously with an engineering accumulating
process, for instance electrical capacity charging or tank filling. Let’s use the tank filling
process as an example to demonstrate the model’s derivation. The tank is filled through a
pump that transfers the liquid from a source, e.g. water pipes. The input to the tank is the
flow rate out of the pump; this flow rate accumulates the liquid in the tank and causes the
liquid level to rise. The varying liquid level is the system output and the quantity is
dependent on two main factors: the input flow rate and the tank itself, e.g. its dimensions
and shape etc. The classically taught lecture is a process where the teacher (the pump)
delivers information at a specific rate (input flow rate). This information is assumed to
accumulate in the students’ mind (tank). Generally, the teacher will design the lecture and
the information delivery rate in a way that it is assumed will reach a specific level by the
end. However, in the classical lecturing approach there is no such feedback, e.g.
assessment and evaluation that indicates what level has been accomplished (what
information has been successfully learned). The analogy between the open-loop filling
tank system and the classical teaching and learning approach is shown in Figure 1.

One can write the model specifying the relationship between the teacher input and
the transmitted information in a classically taught lecture as follows:

dx

dt
where x represents the accumulated knowledge, u is the teacher’s input that determines
the speed of information transmission (in other words, the teaching speed) and “a” is a
variable that differs from one learning task to another and from one student to another. In

the general, simple case, this factor is considered constant. This constant represents the
students’ presumed average capability to digest the taught information in a lecture. The

au (n
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FIGURE 1
ENGINEERING METAPHOR OF OPEN LOOP INFORMATION TRANSMISSION

variable x represents the assumed integrated knowledge in the students’ minds as being
identical to that delivered by the teacher without any loss or decay. In this model, what is
really described is ‘Knowledge Transmission’ but not necessarily the actual ‘Learning’.
From this model it is evident that the main controller of the learning process is the
teacher, and it is only possible to follow an open-loop control strategy.

Let’s assume that the actual learning ability (accumulating knowledge or achieving
progress) in the passive lecturing mode for a student is about 50% weaker than the
presumed average of the class, i.e. the constant “a” is 50% less. In this case, there will be
50% less progress in the knowledge transmission process. Simulations of the model in
Equation (1) for the average and the weak students are shown in Figure 2. The teacher
will adjust the information transmission process input (e.g. the teaching rate) so that it
delivers a learning unit during a specified time (let’s say one hour, as in lectures)
according to the average students’ capability of information retention that he or she
expects.

However, a weaker student with half the capability of the average will hold only half
of the delivered information, shown in Figure 2. Since the teacher has no means of
assessing how much of the transmitted information has been learnt by the weak student,
the information delivery rate will probably not be re-adjusted (the variable u in Equation
(1)) to adapt to the weak student’s needs.
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FIGURE 2
SIMULATION OF A LOW CAPABILITY STUDENT’S ACHIEVEMENT VS. AN AVERAGE STUDENT’S
ACHIEVEMENT IN AN OPEN-LOOP LEARNING MODE

There are many factors that affect what is actually learned of the transmitted
knowledge; the forgetting factor in particular has a profound impact. The impact of the
forgetting factor on information retention has been comprehensively studied in cognitive
science. The forgetting factor was originally proposed by the German psychologist
Herman Ebbinghaus [23].

Ebbinghaus found that humans forget information exponentially. Many models,
mainly exponential or power based, were proposed later, and examples of these models
can be found in other researchers works [24 - 27]. All of these models share the common
features that the forgetting rate is higher for information learnt recently and that the rate
declines with time. An empirical comparison of different forgetting factors can be found
in the work of [28]. The forgetting rate can increase for many reasons, such as when
learning complicated tasks [29], when the learner has a negative mood [30], lack of
testing and assessment [31], lack of sleep [32] and drinking alcohol prior to learning [33].
Let’s consider the simplest exponential forgetting model of Ebbinghaus [23], which is
given by the following:

m(t) = ce bt ()

Where m is the remembered information over time, b is the saving rate and c is the
amount of remembered information at the start. The element b is affected by many
factors such as the complexity of the taught material, stress, lack of sleep and the
relationship of the learnt material with previously stored information in the long-term
memory etc.
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In the case of an open-loop lecture, where information is received once and not
reviewed, the retained information in the learner’s mind is strongly affected by the
forgetting factor. Hence, the forgetting curve described in Equation (2) should be

Retained Information

Time, Day

Retained Information

Time, Day

FIGURE 3
THE IMPACT OF THE FORGETTING FACTOR ON INFORMATION RETENTION:
ENGINEERING MODEL (TOP) AND COGNITIVE PSYCHOLOGY MODEL
(BOTTOM). THE CURVES SIMULATE THE FORGETTING PHENOMENA FOR
DIFFERENT VALUES OF THE FORGETTING FACTOR

integrated with the solution of the open-loop differential equation to result in the actually
retained information y:

y=xebt 3)
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Another way of modelling the forgetting factor is to represent it in a similar way to
an output leak in a tank through an output valve, as shown in Figure 1. Hence, the model
of an open-loop lecture that includes the forgetting factor effect as an output leak can be
written as follows:

O —au—f).f = kR o)
where u is the control input (a teacher variable related to the information delivery speed)
and the forgetting factor is represented by f, which is a function of the retained
information. The function f is modelled in a similar way as the outflow rate (leak) of a
tank which is dependent on the liquid level. Simulations of models in Equation (3) and
Equation (4) of an open-loop lecture are shown in Figure 3.

The simulations show the decay in retained information over a period of seven days
after one hour of teaching. The curves represent different values of the parameters k and
b accordingly. The values are arbitrarily chosen for the sole purpose of simulation; hence,
quantitative conclusions cannot be obtained. However, qualitative and conceptual
evaluations can be made. The simulation of the engineering model of the forgetting
phenomenon as described in Equation (4) shows similar behaviour to the exponential
decay of Equation (3). Hence, viewing the forgetting phenomenon as a leaking process
can be as equally logical as viewing it as a decaying process.

The simulations in Figure 3 show the significant negative impact of the forgetting
factor on retaining information in an open-loop lecture. Without rehearsal, most
information will be lost over time.

Modelling a Closed-Loop Lecture

A closed-loop lecture here is considered to be implemented pedagogically in a
constructivist student-centred approach which involves learners actively in the learning
process and is distinguished with effective feedback and reflection practices.
Mathematically speaking, the integrator (or the knowledge constructor) in this case will
be the student. Once the student is given specific and clear learning objectives by the
instructor, he/she will work on constructing mental models that build up the required
learning objectives of the lecture.

Lecture Actual
Objectives +
— _» Outcome
Lecture
Feedback
FIGURE 4

A MODEL OF CLOSED LOOP LECTURE FROM CONTROL ENGINEERING PERSPECTIVE
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The student will be fed back with necessary information about the constructed mental
models (internal or external feedback) upon assessment. Hence, the student will have an
estimation of the gap between what has been actually learnt and what should have been
learnt from the lecture. This information about the gap constitutes the control input to the
student from a control systems perspective. The student continues the
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FIGURE 5
TOP FIGURE: SIMULATION OF A LOW-CAPABILITY STUDENT’S ACHIEVEMENT VS. AN AVERAGE
STUDENT’S ACHIEVEMENT IN A CLOSED-LOOP LEARNING MODE. BOTTOM FIGURE: CLOSED-LOOP
LEARNING WITH THE FORGETTING FACTOR AND WITHOUT THE FORGETTING FACTOR. THE
FORGETTING FACTOR VALUE B =0.03 WAS USED FOR AN EXPONENTIAL DECAYING FORGETTING
MODEL, AS GIVEN BY EQUATION (5)

construction process until the actual learning outcome is identical to the set of learning
objectives. Figure 4 shows a conceptual model of a closed-loop lecture from a systems
perspective. The process can be mathematically modelled as follows:
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dx
P +7r o)
where x is an internal state representing the actual learning level (already constructed
knowledge), r is the learning objective (goal) and a’is the learning constant that may
differ from one student to another.

If considering the impact factor, the model would be rewritten as follows with regard
to Ebbinghaus’ exponential function:

dx
U -bt
== _ + 6
— axe T (6)
If considering forgetting as a leaking phenomenon, the model can be rewritten as
follows:

D (= kVE) +7 ™)

dt
In the analogy of a filling tank system, the pump in this case is mainly the student. The
teacher, however, plays a coordinating role by setting the learning objectives, the learning
resources (e.g. the source from which the pump will transfer the liquid) and assists in
assessing the learner and giving feedback about the gap between what has been learnt and
the learning objectives. In this case, the student plays a greater role in controlling the
learning process.

The closed-loop model of lecturing holds two main advantages compared to the
open-loop model from a control systems perspective: The closed-loop learning model of
an accumulating process is an asymptotically stable system [34]. This means that the
student will reach the defined set of learning objectives when constructing knowledge.
This also implies that if the system deviates from its target, it will correct itself to get
back to the desired objectives due to the feedback loop.

The closed-loop model is robust, which means that the model’s uncertainty can be
overcome by the feedback loop [35]. The robustness implication is that the gap between
low-achieving and average students can be reduced by fostering feedback. In other
words, closed-loop learning is convergent compared to open-loop learning.

Furthermore, the effect of the forgetting factor can be limited or ignored in the case of
closed-loop learning compared to open-loop learning; this will be demonstrated through
simulations.

Let’s assume that the actual learning ability (ability of accumulating knowledge or
achieving progress) for one student is about 50% weaker than the presumed average of
the class, e.g. the constant a’ in Equation (6) is 50% less. The simulations in Figure 5
(top) show that the 50% weaker student will lag less than 10% behind the average
students by the end of the assigned learning time (e.g. one week for a lecture). If more
time is allowed, the weaker student will finally reach the asymptotic stable point similar
to the average students. This is different to the open-loop learning model, where the
weaker student will lag significantly behind the average class, as discussed in the
previous section.

The simulation in Figure 5 (bottom) shows the negligible effect of the forgetting
factor in the case of feedback compared with feedback with no forgetting. The forgetting
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factor value used in this simulation is the same for the curve in the bottom graph in
Figure 5, i.e. b = 0.03. Basically, feedback works here on detecting any gap in
information between the actual learning outcome and the learning objectives due to
forgetting, and the construction process would work on remedying this gap. The next
section builds upon the developed open- and closed-loop models of a lecture and
provides a collective model of a lecturing module assumed to be composed of 12
lectures.

THE PROCESS OF A SERIES LECTURES IN OPEN- AND CLOSED-LOOP
MODES

Let us consider a module comprising 12 lectures spanned over one semester (e.g. one
lecture per week for three months). Each lecture aims to accumulate a defined amount of
information and depends upon the material learnt in the previous lecture as a prerequisite
to reaching the new learning objectives. A conceptual model of such a series of lectures
conducted in the open-loop mode is shown in Figure 6. The input of the model is a pulse
of information flow (e.g. lasting one hour for a pulse of information) during the lecture.
This pulse is repeated every week (if the course comprises one lecture per week), as
shown in Figure 7. The accumulated information delivered by the lecturer is shown as
stair’s steps. The graph also represents the accumulated information in the student’s mind
under the influence of the forgetting phenomenon. The simulations show low information
retention, i.e. 10% to 20% of the total delivered information.
Assumed learning level

Info
Pretttt S rme
I — % Lecturing —

Teacher’s Input

FIGURE 6

OPEN-LOOP LECTURING IS MODELLED AS A PROCESS WITH TEACHER INPUT AND AN OUTPUT
REPRESENTING THE STUDENT’S LEARNING LEVEL

Let’s assume that the module is designed in a way that develops effective student
feedback and reflection on the taught lectures during the teaching period. Let’s also
assume that the students put effort during the course period into learning, immersing
themselves in active experiential learning and continuously practising feedback and
reflection. Thus, such a lecturing process is of a closed-loop nature and can be viewed as
shown in Figure 8.The state space model of the 12-lecture module in the closed-loop
form can be written as follows:

X1 -a'y, 0 . 0 X1 1 0 .. 0]["n
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Y1 1 0 .. 0][*

x

Y = yz — 0 1 . 0 2 (9)
Y12 0 0 111[X12

where x;,i =1,2,..,12, are the dynamical internal states representing the constructed

knowledge for each lecture, Y represents the measurements of the students’ actual

learning level taken lecture-by-lecture and 7;,i = 1, 2,.., 12 are the learning objectives of
the lectures. Notice that the system matrix in (8) is a lower triangular; its eigen-values
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FIGURE 7
OPEN-LOOP LECTURING. THE FIGURE SHOWS THE DELIVERED ACCUMULATED INFORMATION, TEACHER
INPUT, AND THE ACTUALLY RETAINED INFORMATION WITH THE PRESENCE OF THE FORGETTING FACTOR

Final
Lecture 1 Lecture 2 Lecture 12 Moduie
Objectives Objectives Objectives Outcome
l A - -
Lecture 1 Lecture 2 Lecture 12
— — - — >

FIGURE 8
CLOSED-LOOP LECTURING OF A COURSE WHICH IS MODELLED AS A CASCADED PROCESS COMPOSED OF
MANY STAGES WITH NEGATIVE FEEDBACK LOOP FOR EACH SUB STAGE
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are represented by the main diameter: A; = —a; where i = 1,2,..,12. All eigen-values
are strictly negative; hence the system is asymptotically stable [31], which means that in
such a model of lecturing, students are more likely to achieve the set learning objectives.
To show the robustness characteristic of a closed-loop series of lectures, a simulation of
average vs. a 50% weaker student is shown in Figure 9. In both simulations, the value of
the forgetting factor b was set to 0.005, which is equal to the simulation of the open-loop
lecturing model shown in Figure 7. Despite the lower capability the weaker students, they
could achieve a performance close to the average students due to the loop closure. By the
end of the module, both average and weak students are able to meet the total learning
objectives despite the presence of the forgetting factor.

The simulations of the open- and closed-loop lecturing models clearly show the
advantages of adapting modern teaching and learning practices that close the loop.
However, this task is not trivial. Closing the loop requires comprehensive assessment and
evaluation practices and applying novel constructivist teaching and learning methods.

This requires a greater demand on the teacher as well as elaborated effort. The use of
learning technologies and the philosophy of distributed control (e.g. peer assessment and
service learning etc.) may assist significantly to overcome these obstacles.

SOME PRACTICAL WAYS FOR CLOSING THE LOOP

Many methods can be used to close the loop in the learning during the lecturing process
along the semester progress, i.e. for establishing feedback and enhancing self-
construction of knowledge. Enhanced loop closure can be achieved by pedagogical
modifications of the learning or educational process (e.g. moving from the lecturing from
a teacher-centered as in the open-loop model towards a student-centered approach as in
the closed loop model), the use of learning technologies for facilitating assessment and
cyclic learning, and the implementation of relevant pedagogical models. Pedagogical
modifications may include the utilizatation of experiential and constructivist models, e.g.
similar to those explained in [19, 21], using more frequent formative assessment [22],
training students on self-regulated learning skills and self-construction of knowledge
[36], establishment of effective feedback [37], and systematically designing the
instruction or curricula [38]. Learning technologies can play an essential role in closing
the loop and facilitating cyclical closed-loop learning. Simple technologies such as
recorded audio lectures played on an mp3 player can be significantly effective in
facilitating cyclic student-oriented learning experience [39]. Learning technologies can
help to implement automatic feedback schemes, e.g. e-assessment and feedback such as
explained in [40]. In our opinion, the blend of technology with proper pedagogical
models is one of the best ways for maximizing the loop closure, one emergent area that is
particularly focusing on this issue is Orchestrated Learning [41]. The following section
summarizes the implication of the closed-loop model, and provides empirical findings of
pedagogical research studies that been investigating the impact of some the ways for
closing the loop that were stated earlier in this section.

EMPIRICAL FINDINGS FROM RELEVANT PEDAGOGICAL RESEARCH

The main conclusions of the previous mathematical analysis of two extreme models of
conducting lectures are: 1- The better the loop is closed, the more learning is attained;
and 2- the closed-loop model can bridge the gap between higher and lower achievers. In
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this section, we bring some of the empirical findings from pedagogical research on
relevant topics to the proposed thesis in this study, such as: assessment and educational
feedback, constructivist learning, cyclic learning, educational technologies, and self-
regulated learning (SRL).

Stoeger and Ziegler [42] investigated the impact of using the cyclic SRL model of
Zimmerman et al. [43] on mathematics teaching and learning of fourth grade school
pupils in Germany. The model emphasizes self-regulatory practices such as monitoring
and self-evaluation, goal-setting and strategic planning, strategy implementation and
monitoring and outcome monitoring. The study involved a control group and an
experimental group formed from pupils of schools in Germany. The experimental group
was trained for five weeks to use SRL techniques during a mathematics course, while the
control group received no training. Both groups had to solve similar weekly assignments
and quizzes. Two tests were conducted for the students of both groups, the first prior to
the training and the second after the five-week period. In the German grading system, the
highest grade is 1 and the lowest is 6, where 5 is the failure threshold. The control group
students’ test results average dropped from 2.37 for test 1 to 3.11 for test 2 (p-value <
0.001) while the experimental group students’ test average was stable and showed a small
enhancement, 2.68 for test 1 to 2.63 for test 2 (p-value > 0.10). These results show how
enhanced closure of the feedback loop leads to a stable performance and eliminates the
forgetting factor represented by reduced achievement of the control group in test 2;
similarly to what has been analyzed in the open-loop model discussed earlier. The study
reports that the weak students of the self-regulation training group who had to take an
entrance exam to gain entry to a higher school (as they were unable to attain the needed
composite score) ALL passed. Normally, 50% score below the pass rate of the entrance
exam every year; this was the first time that ALL students passed the entrance exam. This
indicates that enhanced closure of the loop reduced the gap between the weak and
average students, similarly to the analyzed outcomes of the closed-loop model. The
analysis of the weekly assignments and quizzes of the students in the experimental group
revealed a linear increase in the solution rate of the mathematical problems over the
course of the five weeks; the linear growth slowed down towards the end of the training.
These findings are compatible with the growth of the closed-loop learning curve, as
shown in Figure 5.

McKinney et al. [39] investigated the learning outcomes of listening to psychology
lectures via podcasts without lecture attendance (experimental group) vs. attending the
lecture but no podcasts (control group). The results were reported through the average
means and standard deviation (SD) of the groups. About two thirds of the experimental
group students listened to the recording of the lecture twice or more (more cycles), while
the control group students had only one access to the lecture via attendance (they were
not provided with audio records). Both groups were tested; the experimental group
average was 71.24% (SD = 16.50%) while the control group average was 62.47% (SD =
17.03%), with p-value < 0.05, indicating a statistically significant difference. Within the
experimental group there were students who took notes alongside the lecture and students
who took no notes. The comparison of the test results between the two groups (notes, no
notes) revealed an average 76.23% (SD = 13.61%) for the note-taking group and 62.08%
(SD = 17.93%) for the no notes group. Listening to a lecture more than once and/or
taking notes are practices of cyclic learning and involve more reflection and feedback
than listening to a lecture once or taking no notes (open-loop learning). McKinney et al.’s
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[39] findings support the hypothesis of the closed-loop model of enhanced learning vs.
the open-loop model. Furthermore, the standard deviation (SD) in that study shows that
the more feedback and reflection is practiced by learners, the lower the dispersion or gap
in achievement is among the group members (i.e. more convergent learning outcomes).

Krause et al. [44] conducted a controlled experiment on the effect of feedback
intervention on e-learning in a statistics course. The control group students worked on six
problem-solving tasks on correlation analysis. Once a task was completed, students had
access to a worked example of the same nature so they could evaluate their solutions,
thus the control group students had some feedback available. The experimental group
students were exposed to the same procedure plus an additional feedback treatment
composed of six multiple-choice tests with adaptive and elaborated feedback. On a scale
of 20, the pre-test of the control and experimental group showed equivalence, 4.28 (SD =
2.13) for the control group, 4.24 (SD = 2.33) for the experimental group with p-value >
0.05. The post-test, however, revealed a significant impact of feedback intervention on
students’ learning. The control group students averaged 10.25 (SD = 3.41) while the
experimental group students averaged 14.51 (SD= 2.15) with p-value < 0.05.
Furthermore, analysis of the students results in terms of low- and high-level prior
knowledge show that feedback benefited low-level students significantly in bridging the
gap and reaching a level similar to the high-level students in the post-test. In the control
group, the low-level students averaged 8.85 (SD = 3.63) in the post-test and the high
level students averaged 12.25 (SD = 1.81) with p-value < 0.05, while in the experimental
group, the low-level students averaged 14.25 (SD = 1.92) and the high-level students
averaged 14.84 (SD = 2.5) with p-value > 0.05. Krause et al.’s (2009) findings support
the hypothesis of the closed-loop model that better enhancement of loop closure leads to
higher achievement and bridges the gap between students of different levels.

Abdulwahed and Nagy [19] proposed a constructivist laboratory education model
based on Kolb’s [18] experiential learning cycle. Kolb defines learning as “the process
whereby knowledge is created through transformation of experience” and suggested that
effective learning should pass a cycle of four phases: Concrete Experience (CE),
Reflective Observation (RO), Abstract Conceptualization (AC) and Active
Experimentation (AE). Kolb derived his model based on Lewin’s [45] social and
pedagogical works. Lewin borrowed the control engineering concepts such as reference
signals, measurements and feedback to develop a four-stage model of learning that later
became the core basis of Kolb’s experiential learning cycle [18]. The application of the
model into teaching and learning of laboratory education included one cyclic opportunity
by means of a virtual lab; however it has resulted in enhanced outcome of the laboratory
report mark and the final exam mark of the module for the experimental group vs. the
control group. For the laboratory report mark, the control group students’ average was
63.03% (SD =742, N = 65), while the experimental group students’ average was 67.28%
(SD = 5.19, N = 46, p-value = 0.002 < 0.05). For the mark of the final exam of the
module, the control group students’ average was 48.40% (SD =21.27, N = 65), while the
experimental group students’ average was 58.47% (SD = 20.40, N = 46, p-value = 0.018
< 0.05). These data shows that enhanced closure of the loop by means of an additional
cyclic learning opportunity, which was facilitated via computer assisted learning method
(virtual lab in this case), has resulted enhanced learning outcome and smaller standard
deviation (e.g. convergent learning).
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DISCUSSION

The empirical studies from the pedagogical research outlined in the previous section
provide an indicative quantitative evidence of the stated hypothesis of open- and closed-
loop models developed earlier in this study. It is worth mentioning that the developed
mathematical models of open- and closed-loop lecturing are rather a significant
simplification of a human-centered complex process, which also involves high
uncertainties.

However, even in technical systems, control engineering models are in many cases
produced with significant simplification of the modeled complex system. Control
engineering tools utilize specific regulatory algorithms to handle uncertainties of the
process and its modeled parameters. One of the most used regulatory algorithms is to
restructure the system via introducing a controller and implementing a negative feedback
that compares its outcomes with its objectives.

In this study, we have shown that a control engineering approach could be also
utilized for analyzing and designing an enhanced learning system (lecturing process in
this case) similarly to technical systems via: 1- restarting the system through providing
students with more control of their learning (constructivist student-centred approach); and
2- implementing effective assessment and feedback. While the positive impact of
constructivist student-centered methods, and assessment and feedback have been
frequently reported in the pedagogical literature, approaching these issues from control
engineering perspectives provide a new aspects in which systems theory tools are
utilized.

Researchers could use the proposed models in this study as a starting point where
more complex regulatory algorithms from control engineering could be developed and
applied to learning systems. Some potential areas of relevance from systems and control
theory could be “Systems Identification”, “Adaptive Control”, “Robust Control”, “Fuzzy
Control”, just to name few. System identification methods [46] are normally utilized for
obtaining the values of the system parameters. Adaptive control methods [47] are used to
design and deploy adaptive regulatory algorithms that change dynamically when the
system’s parameters change over time. Robust control methods [48] are used to design
and deploy regulatory algorithm that guarantee the achievement of the system’s
objectives despite high uncertainties in the modeled process. Fuzzy control [49] methods
similarly aims to enforce the system to meet its objective, they are more utilized with
systems that are difficult to model mathematically. The mathematical models developed
in this study could contribute to the emergent field of Learning Analytics [50]. In
learning analytics, new quantitative methods are utilized to model, analyze, and design
learning systems.

It is also hoped that the control systems—to—learning systems approach illustrated
here could stimulate engineering academics and educators from other engineering
domains to consider the utilization of their disciplinary engineering tools and methods in
learning systems. It is expected that such kind of transformative research could have a
significant contribution to the learning sciences [51].

SUMMARY

We have introduced a new approach of using control systems methods for modelling in
pedagogy, with a case applied to the lecturing process. The case for modelling lecturing



44 INNOVATIONS 2012

is developed with the focus on two extremes: so-called open- and closed-loop lecturing.
The modelling process of lecturing was conducted in a similar way to engineering
modelling; the tank example was selected for illustration. The analysis of the models
showed the advantages of the closed-loop lecturing model vs. the open-loop learning
model in conjunction with three main issues. The closed-loop lecturing process is stable,
holds an inherent disturbance rejection mechanism (e.g. against forgetting) and is robust.
A new model of forgetting, based on an engineering concept, is introduced. Empirical
findings from relevant pedagogical literature provide an indicative support of the
developed hypotheses of open- and closed-loop models. Future work is planned to
develop the proposed models further and investigate their implications in real-life
settings.

ACKNOWLEDGEMENTS

The funding of this work by the Engineering Centre for Excellence in Teaching and
Learning (engCETL), the Chemical Engineering Department of Loughborough
University, and the College of Engineering of Qatar University is gratefully
acknowledged.

REFERENCES

1. O.Wolkenhauer, S. N. Sreenath, P. Wellstead, M. Ullah, and K.-H. Cho, “A Systems- and
Signal-oriented Approach to Intracellular Dynamics,” Biochemical Society Transaction, Vol.
33, No. 3, 2005, pp. 507-515.

2. D. Kendrick, “Stochastic Control for Economic Models: Past, Present and the Paths Ahead,”
Journal of Economic Dynamic & Control, Vol. 29, No. 1-2, 2005, pp. 3-30.

3. A. Sarychev, A. Shiryaev, M. Guerra, and M. D. R. Grossinho, Mathematical control theory
and finance. Moscow, Russia. Springer, 2005.

4. S. R. Kim, “Uncertainty, Political Preferences, and Stabilization: Stochastic Control using
Dynamic CGE Models,” Computational Economics, Vol. 24,2004, pp. 97-116.

5. C. A. Bond, “On the Potential Use of Adaptive Control Methods for Improving Adaptive
Natural Resource Management,” Working Paper. Fort Collins: Colorado State University.

6. M. Litoiu, M. Woodside, and T. Zheng, “Hierarchical Model-based Autonomic Control of
Software Systems,” Proceedings of Workshop on Design and Evolution of Autonomic
Application Software, ACM Press. pp. 27-33, St Louis, Missouri, USA, 2005.

7. C. Lu, Y. Lu, T. F. Abdelzaher, J. A. Stankovic, and S. H. Son, “Feedback Control
Architecture and Design Methodology for Service Delay Guarantees in Web Servers,” IEEE
Transaction on Parallel Distribution System, Vol. 17, No. 9, 2006, pp. 1014-1027.

8. Z. Sun, A. K. Sen, and R. W. Longman, “Adaptive Stochastic Output Feedback Control of
Resistive Wall Modes in Tokamaks,” Physics Plasmas, Vol. 13,2006, pp. 092508.

9. J. Hollands, and C. D. Wickens, Engineering Psychology and Human Performance, Prentice
Hall, 1999.



INNOVATIONS 2012 45

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

O. Rompelman, and E. de Graaff, “The Engineering of Engineering Education: Curriculum
Development from a Designer’s Point of View,” European Journal of Engineering Education,
Vol. 31, No. 2, 2006, pp. 215-226.

M. Abdulwahed, Z. K. Nagy, and R. E. Blanchard, “Using Feedback Control Engineering for
Analyzing and Designing an Effective Lecturing Model,” Proceedings of Frontiers in
Education Conference, Saratoga Springs, New York, USA, 22-25 Oct, pp. F1C-1-F1C-6,
2008.

Y. Yeung, “Scientific Modeling of Technology-mediated Collaborative Learning Processes,”
Proceeding of the Conference on Learning by Effective Utilization of Technologies:
Facilitating intercultural Understanding, R. Mizoguchi, P. Dillenbourg, and Z. Zhu, Eds.
Frontiers in Artificial Intelligence and Applications, Vol. 151, IOS Press, Amsterdam, The
Netherlands. pp. 249-256, 2006.

H. A. Simon, “Some Strategic Considerations in the Construction of Social Science Models,”
H. A. Simon (ed.), Models of Bounded Rationality (Vol. 2), Cambridge, MA: MIT Press. pp.
209-238.

J. Hattie, and H. Temperley, “The Power of Feedback,” Review of Educational Research, Vol.
77,No. 1,2007, pp. 81-112.

L. Bond, R. Smith, W. K. Baker, and J. A. Hattie, Certification System of the National Board
for Professional Teaching Standards: A Construct and Consequential Validity Study,
Washington, DC: National Board for Professional Teaching Standards, 2002.

P. C. Wankat, R. M. Felder, K. A. Smith, and F. S. Oreovicz, “The Scholarship of Teaching
and Learning in Engineering,” Disciplinary Styles in the Scholarship of Teaching and
Learning, M. T. Huber and S. P. Morreale (eds.), Menlo Park, California: American
Association for Higher Education and the Carnegie Foundation for the Advancement of
Teaching, pp. 217-237,2002.

J. E. Mills, and D. F. Treagust, “Engineering Education—Is Problem-based or Project-based
Learning the Answer?” Australasian J. of Engng. Educ., online publication, Vol. 04, 2003, pp.
1-16. Available from: http://www.aaee.com.au/journal/2003/mills_treagustO3.pdf. Accessed
25™ January 2010.

D. A. Kolb, Experiential Learning: Experience as the Source of Learning and Development,
Prentice-Hall, 1984.

M. Abdulwahed, and Z. K. Nagy, “Applying Kolb’s Experiential Learning on Laboratory
Education, Case Study,” Journal of Engineering Education, Vol. 98, No. 3, 2009, pp. 283-
294.

T. A. Litzinger, L. R. Lattuca, R. G. Hadgraft, and W. C. Newstetter, “Engineering Education
and the Development of Expertise: Learning Experiences that Support the Development of
Expert Engineering Practice,” Journal of Engineering Education, Vol. 100, No. 1, 2011, pp.
123-150.

A. Yadav. D. Subedi, M. A. Lundeberg, and C. F. Bunting, “Problem-based Learning:
Influence on Students’ Learning in an Electrical Engineering Course,” Journal of Engineering
Education, Vol. 100, No. 2, 2011, pp. 253-280.

D. J. Nicol, and D. Macfarlane-Dick, “Formative Assessment and Self-regulated Learning: A
Model and Seven Principles of Good Feedback Practice,” Studies in Higher Education, Vol.
31, No. 2, 2006, pp, 199-216.



46

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

INNOVATIONS 2012

H. Ebbinghaus, Memory: A Contribution to Experimental Psychology (H. A. Ruger & C. E.
Bussenius, Trans.). New York: Teachers College Press, Columbia University. (Original work
published 1885; reprint of translation published by Dover, New York, 1964).

G. Loftus, “Evaluating Forgetting Curves,” Journal of Experimental Psychology: Learning,
Memory, and Cognition, Vol. 11, No. 2, 1985, pp. 397-406.

J. T. Wixted, and E. B. Ebbesen, “On the Form of Forgetting,” Psychological Science, Vol. 2,
No. 6, 1991, pp. 409-415.

D. C. Rubin, S. Hinton, and A. Wenzel, “The Precise Time Course of Retention,” Journal of
Experimental Psychology: Learning, Memory and Cognition, Vol. 25, No. 5, 1999, pp. 1161-
1176.

G. J. M. Mensink, and J. G. W. Raaijmakers, “A Model for Interference and Forgetting,”
Psychological Review, Vol. 95, No. 4, 1988, pp. 434-455.

D. A. Nembhard, and N. Osothsilp, “An Empirical Comparison of Forgetting Models,” IEEE
Transactions on Engineering Management, Vol. 48, No. 3,2001, pp. 283-291.

D. A. Nembhard, “The Effects of Task Complexity and Experience on Learning and
Forgetting: A Field Study,” Human Factors, Vol. 42, No. 2, 2000, pp. 272-286.

K. H. Bduml, and C. Kuhbandner, “Positive Moods can Eliminate Intentional Forgetting,”
Psychonomic Bulletin Review, Vol. 16,2009, pp. 93-98.

M. A. Wheeler, M. Ewers, and J. F. Buonanno, “Different Rates of Forgetting following Study
versus Test Trials,” Memory, Vol. 11, No. 6,2003, pp. 571-580.

J. Born, B. Rasch, and S. Gais, “Sleep to Remember,” Neuroscientist, Vol. 12,2006, pp. 410—
424.

R. G. Lister, M. J. Eckardt, and H. Weingartner, “Ethanol Intoxication and Memory: Recent
Developments and New Directions,” Recent Developments in Alcoholism, Vol. 5, ed. M
Galanter, pp. 111-27. New York: Plenum, 1987.

G. C. Goodwin, S. F. Graebe, and M. E. Salgado, Control System Design. Australia, Prentice
Hall, 2001.

K. J. Astrém, and R. M. Murray, Feedback Systems: An Introduction for Scientists and
Engineers. New Jersey, Princeton University Press, 2008.

B. Zimmerman, “Investigating Self-regulation and Motivation: Historical Background,
Methodological Developments, and Future Prospects,” American Journal of International
Research, Vol. 45, No. 1,2008, pp. 166—183.

J. Hattie, and H. Temperley, “The Power of Feedback,” Review of Educational Research, Vol.
77,No. 1,2007, pp. 81-112.

W.Dick, L. Carey, and J. O. Carey, The Systematic Design of Instruction (5th ed.). New York:
Addison, Wesley, Longman, 2001.

D. McKinney, J. L. Dyck, and E. S. Luber, “iTunes University and the Classroom: Can
Podcasts Replace Professors?” Computers & Education, Vol. 52,No. 3,2009, pp. 617-623.

G. Crisp, The e-Assessment Handbook, Continuum International Publishing Group Ltd,
Australia, 2007.



INNOVATIONS 2012 47

41.

42.

43.

44.

45.

46.

47.
48.

49.
50.

51.

L. P. Pricto, M. Holenko Dlab, I. Gutiérrez, M. Abdulwahed, and W. Balid, “Orchestrating
Technology Enhanced Learning: A Literature Review and a Conceptual Framework,” Int. J.
Technol. Enhanc. Learn. Vol. 3,No. 6,2011, pp. 583-598.

H. Stoeger, and A. Ziegler, “Evaluation of a Classroom-based Training to Improve Self-
regulation in Time Management Tasks during Homework Activities with Fourth Graders,”
Metacognition Learning, Vol. 3, No. 3, 2008, pp. 207-230.

B. Zimmerman, S. Bonner, and R. Kovach, Developing Self-regulated Learners: Beyond
Achievement to Self-efficacy. Washington, DC: American Psychological Association, 1996.

U. M. Krause, R. Stark, and H. Mandl, “The Effects of Cooperative Learning and Feedback on
E-learning in Statistics,” Learning and Instruction, Vol. 19, No. 2, 2009, pp. 158—170.

K. Lewin, Field Theory and Learning. In D. Cartwright (ed.), Field Theory in Social Science,
pp- 60-86. New York: Harper & Row, 1942/1951.

L. Ljung, System Identification - Theory for the User, Information and System Sciences Series,
Prentice Hall, Englewood Cliffs, NJ, 1987.

K.J. Astrom, and B. Wittenmark, Adaptive Control, Addition-Wesley, 1995.

J. Ackermann, Robust Control: Systems with Uncertain Physical Parameters,
Communications and Control Engineering, Springer-Verlag, London, Great Britain, 1993.

W. Pedrycz, Fuzzy Control and Fuzzy Systems, Wiley, New York, 1989.

T. Elias, “Learning Analytics: Definitions, Processes and Potential,” White Paper, January
2011, ppP- 1-22. [Online] Available at:
http://learninganalytics.net/LearningAnalyticsDefinitionsProcessesPotential.pdf [Accessed on
07th of May 2012]

A. Johri, and B. Olds, “Situated engineering learning: Bridging engineering education research
and the learning sciences,” Journal of Engineering Education, Vol. 100, No. 1,2011, pp. 151—
185.

Mahmoud Abdulwahed received BSc from Aleppo University-Syria, MSc
from Umea University-Sweden, and PhD from Loughborough University-UK,
all in Engineering. After completion of his PhD, he worked as a researcher at
Loughborough University. Mahmoud is currently an Assistant Professor in a
joint appointment between the College of Engineering and the College of
Education at Qatar University, Qatar. His research interests are in STEM
education, technology enhanced learning, learning analytics, and innovation &
entrepreneurship in engineering.

Zoltan K. Nagy received his BSc in Chemical Engineering (1993) an MSc in
Catalysis and Biocatalysis (1994) and a PhD in Chemical Engineering (2001)
from the "Babes-Bolyai" University of Cluj, Romania. From 1995 to 2005 he
held Assistant and Associate Professor positions at the same university. In 1996
he was Visiting Research Scientist and Visiting Lecturer at the University of the
South, Sewanee, TN, USA. In 1997 he was honorary research assistant (Tempus
Fellow) in the CTI (Computers in Teaching Initiative) Centre for Chemistry,
University of Liverpool, UK. From 1998 to 2001 he held several Visiting
Researcher positions at ETH Zurich, Switzerland (1999), the University of



48

INNOVATIONS 2012

Stuttgart and University of Heidelberg, Germany (2000), and University of
[llinois at Urbana-Champaign, USA (2000). From 2001 to 2002 he was NSF-
NATO Research Fellow and, from 2002 to 2003, visiting lecturer at the
University of Illinois at Urbana-Champaign. From 2003 to 2005, Dr. Nagy was
a senior research associate at the University of Stuttgart, Germany, where he
worked in collaboration with BASF and ABB on industrial projects. Dr. Nagy
joined Loughborough University in August 2005 and was promoted to Senior
Lecturer in February 2007 and to Professor in July 2010.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 7.000 x 10.000 inches / 177.8 x 254.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20070104143753
       720.0000
       7x10
       Blank
       504.0000
          

     Tall
     1
     0
     Full
     355
     204
    
     None
     Left
     16.8840
     0.0000
            
                
         Both
         21
         AllDoc
         22
              

       CurrentAVDoc
          

     Uniform
     44.6400
     Left
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

        
     0
     388
     387
     388
      

   1
  

 HistoryList_V1
 qi2base



